Context: Banana is one of the most important fruits crops among the different fruit crops in the agricultural and its intensively cultivated in all over the parts of Bangladesh especially in northern part. Many species of plant parasitic nematodes are association with banana root systems and are mainly responsible for controlling the banana productions to greater extend.
Introduction
Banana (Musa AAA) and plantain (Musa AAB) are among the most important dietary staples in the world (Sharrock and Frison 1999, FAO 2004) . In terms of the nutrient contents, banana contains high amounts of carbohydrates, vitamins, fibre and other minerals (Picq and Raymond 1996) . In Bangladesh, banana is the top ranking fruits which grows all over the country and available throughout the year. Banana is known to adapt very quickly and produce higher yields under favourable conditions. It is, however, prone to attack by different pathogens like fungi, viruses, bacteria and nematodes. Among the production constraints, nematodes constitute one of the major limiting factors to banana production, causing extensive root damage, resulting in serious economic losses (Gold et al. 1994 , Barekye et al. 2000 . Reports showed that nematodes are a real threat to the banana cultivation (Evaristo 1969 , Edwards and Wehunt 1971 , Jones and Milne 1982 , Sundararaju 2005 , Srinivasan et al. 2011 . Crop losses caused by nematodes to bananas are very high, with average annual yield losses estimated at about 20% worldwide (Sasser and Freckman 1987a) . In worldwide basis the most important plant nematode genera are Radopholus, Helicotylenchus, Hemicycliophora, Meloidogyne, Pratylenchus, Paratrichodorus, Scutellonema, Tylenchorhynchus, and Xiphinema (Jones 1979) . More than 151 nematode species of 51 genera have been documented worldwide on Musa sp. (Gowen and Quene-herve 1990, Koshy and Banu 2000) and yield losses are estimated to be 19.7% amounting to US $17.8 million (Sasser and Freckman 1987b) . Nevertheless, only Radopholus similis, several species of the genus Meloidogyne, Helicotylenchus, Pratylenchus and Rotylenchulus associated with the soil or roots of banana and cause significant losses in banana plantations (Ritzinger et al. 2007) . Since no other work has been done on plant parasitic nematodes associated with this ubiquitous and useful fruit crop in northern part of Bangladesh, a survey was made to collect and identify the nematodes associated with banana.
Materials and Methods
The collection of nematodes was conducted in the banana growing areas of Bogra (Namuja, Mohasthan, Mokamtola), Natore (Tokya, Dhalan, Natore), Rajshahi (Baneshwar, Biraldah, Belpukuria), Rangpur (Mithapukur, Pirgonj, Shatibari) and Gaibandha (Polashbari, Fashitola, Merirhat) districts. Sampling areas were selected where no nematicide was applied in the soil during previous two years. From each field 10 plants were selected randomly for sample collection. Banana plants showing yellow leaves, stunted growth, toppling of the plant and poor growth i.e. diseased plants were preferred. Each sample consisted ten subsamples, one from each ten randomly selected plants of a plantation. The subsample consisted about 1 kg of soil and 20 g of fleshy roots taken from a single mat from a depth of 10-30 cm and from three equidistant points (40-50 cm) around the pseudostem (Geetha and Koshy 1984) with the help of hand trowel, spade and knife. All the subsamples of soil and root from each plantation were mixed separately with 5 kg of soil and 100 g of roots (composite sample) and were packed in polythene bag (Southey 1970) . Composite soil and root samples were collected on the same day of every month at three sites over a period from January 2008 to September 2010. Nematodes were extracted from soil by Cobb's sieving technique (Cobb 1918) and from root by Mechanical maceration technique (Fallis 1943 , Reddy 1983 , decanting method followed by modified Baermann's (Baermann 1917 ) funnel technique (Christie and Perry 1951) , processed by Seinhorst's slow dehydration method (Seinhorst 1959) . Fixing was done in boiling lactophenol cotton blue (Daykin and Hussey 1985) and finally by formalin-glycerin solution. Dehydrated of nematodes was done in glycerol-ethanol solution. (De Grisse 1969) and mounted permanently on glass slides and identified up to species level following the keys (Thorne 1961 , Goodey 1963 , Siddiqi 1974 . The root-knot nematode species was identified on the basis of the perineal pattern of the mature female. Measurements were taken according to de Man Formula (1876 , 1880 , modified and amended by Cobb (1914) , Thorne (1949) as follows: n = Number of specimens measured; L = Total length of the body; a = Total length divided by the greatest body width; b = Total length divided by the length of esophago-intestinal valve; c = Total length divided by the tail length; V = % of vulval distance ) ( x100 length total vulva to end front from length ; c' = Tail length divided by the tail diameter at anus or cloaca; SL = Stylet length; Sp = Spicule length; R = Total number of annules in the body; Ran = Number of annules from anus to tail terminus; RV = Number of annules between tail end and vulva. The above measurements were recorded and mean, SE and range were calculated for confirmation of identification.
Results
Two groups of nematodes (plant parasitic and non-parasitic) were found to be associated with banana. Among the plant parasitic nematodes ten species belonging to nine genera, six families of a single order, viz. Helicotylenchus dihystera, Rotylenchulus reniformis, Meloidogyne incognita, Hoplolaimus galeatus, Tylenchorhynchus mashhoodi, Tylenchorhynchus annulatus, Criconemoides sp., Hemicriconemoides cocophillus, Cephalenchus emarginatus and Aphelenchus avenae were encountered. Among the nonparasitic nematodes 15 genera belonging to seven families and three orders viz. Acrobeles, Acrobeloides, Aporcelaimus, Aporcelaimium, Aporcelaimellus, Cephalobus, Dorylaimus, Dorylaimoides, Discolaimus, Discolaimium, Discolaimoides, Indodorylaimus, Mylonchulus, Iotonchus , and Rhabditis were found to be associated with soils in banana field. Free living nematodes were identified up to genus depending upon morphology and morphometrics of female specimen.
It was found that species Hoplolaimus galeatus, Cephalenchus emarginatus and Meloidogyne incognita were present in all the surveyed areas (Bogra, Rangpur, Gaibandha, Natore and Rajshahi). Whereas Aphelenchus avenae was found in Bogra, Rangpur and Rajshahi. Hemicriconemoides cocophillus was found in Rajshahi and Bogra. The genus Criconemoides sp. and Tylenchorhynchus annulatus was found in Rajshahi only, Tylenchorhynchus mashhoodi observed in Rangpur, Gaibandha, Natore and Rajshahi. Rotylenchulus reniformis found in Bogra, Natore and Rajshahi. Helicotylenchus dihystera was present abundantly in Bogra, Rangpur and Gaibandha (Table 1) . A few adult males and numerous 2 nd stage larva of Meloidogyne were present in the soil and the adult females were found within the galled roots of banana.
Four species of parasitic nematodes viz. Cephalenchus emarginatus, Hemicriconemoides cocophillus, Criconemoides sp. and Aphelenchus avenae and 5 genera of non parasitic nematodes viz., Aporcelaimium, Aporcelaimellus, Discolaimium, Discolaimoides and Indodorylaimus were reported for the first time in Bangladesh (Plate 1). 
Discussion
There are four species of nematodes reported in the banana fields in Bangladesh, i.e. burrowing, spiral, root-knot and lesion nematodes. A survey was conducted by Chowdhury et al. (1981) at Joydebpur to identify nematode genera associated with banana. They collected root and soil samples from several banana plantations and identified six nematode genera. They were Pratylenchus spp., Helicotylenchus spp., Hoplolaimus spp., Hirschmanniella spp., Tylenchorhynchus spp. and Meloidogyne sp., which were found to be directly associated with root damage. Another survey was conducted by Mian (1986) 
Conclusion
Present investigation have clearly indicated that the association of plant parasitic nematodes especially the most an important nematodes species like Hoplolaimus galeatus, Cephalenchus emarginatus and Meloidogyne incognita would cause severe economic yield loss to banana plantation in the study area, if the management practices are not being done to kept the nematodes population under check. In order overcome these problems, integrated nematode management schedule be adopted at the earliest for greater yield of bananas in those areas.
